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%XW WKH WKLQZDOOHG VWUXFWXUH LV FRPSOLFDWHG 7KH\ KDYH ORZ








SDUDPHWHUV LQ PDFKLQLQJ SURFHVV 7KLV PHWKRG LV EDVHG RQ
SHUVRQDO H[SHULHQFH%XW WKH OHYHOV RI SHUVRQDO H[SHULHQFH DUH
XQHYHQ%HFDXVHRIWKHYDULRXVW\SHVDQGWKHFRPSOH[VKDSHVRI
WKLQZDOOHGSDUWVDERYHPHWKRGVFDQRQO\EHXVHGIRUVSHFLILF
NLQGVRISDUWV DQGDUHKDUG WR IRUPDXQLYHUVDO DQGRSWLPL]HG
PDFKLQLQJSURFHVV)RUWKHGHIRUPDWLRQFRQWURORIFRPSOH[WKLQ
ZDOOHGSDUWVLWLVHVVHQWLDOWRDQDO\]HWKHIXQFWLRQRIWKHSDUWVWR
ILQG WKH EDVLF IDFWRUV WKDW DIIHFW WKH GHIRUPDWLRQ DQG WR
HOLPLQDWH WKH FRQIOLFW EHWZHHQ WKHVH IDFWRUV 75,= LV DQ
LPSRUWDQWWKHRU\IRULQQRYDWLRQGHVLJQDQGWKLQNVWKHHVVHQFHRI
SUREOHPVROYLQJLVWRHOLPLQDWHWHFKQLFDOFRQIOLFWVDQGWKHUHIRUH
SURYLGHVD VHULHV RI WRROV DQGPHWKRGV VXFK DV WKH VXEVWDQFH
ILHOG PRGHOV  SULQFLSOHV RI LQYHQWLRQ DQG  VWDQGDUG
VROXWLRQV75,=KDVEHHQDSSOLHGLQWKHSURFHVVRSWLPL]DWLRQWR
KHOSHIIHFWLYHO\VROYHPDQ\RIWKHWHFKQLFDOSUREOHPV
,Q WKLV SDSHU D V\VWHPDWLF VROYLQJ PHWKRG WR WKH DERYH
SUREOHP LV FDUULHG RXW E\ WKH FRPELQDWLRQ RI WKH VWDQGDUG
VROXWLRQDQGWKHSULQFLSOHRIWKHLQYHQWLRQLQWKH75,=SULQFLSOH
DQGDXQLYHUVDODQGRSWLPL]HGPDFKLQLQJSURFHVVLVJLYHQIRUWKH
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LQ LWV PDFKLQLQJ SURFHVV LW KDV DWWUDFWHG PXFK DWWHQWLRQ RI
VFKRODUVIRUDORQJWLPH7KHUHIRUHWKHGHIRUPDWLRQFRQWURORI
WKLQZDOOHG SDUWV KDV DOZD\V EHHQ D KRW UHVHDUFK WRSLF 2
*RQ]DORXVHGVLPXODWHGFXWWLQJ WRROV WRFXWDOXPLQLXPDOOR\
WKLQZDOOHG VWUXFWXUHV LQ RUGHU WR RSWLPL]H WKH FXWWLQJ
FRQGLWLRQV >@ +DUXNL HW DO SURSRVHG WKDW WKH ORZ PHOWLQJ
SRLQW DOOR\ FDQ EH LQMHFWHG LQWR WKH WKLQZDOOHG VWUXFWXUH
FDYLW\7KLVFDQJUHDWO\LPSURYHVWKHULJLGLW\RIWKHZRUNSLHFH
>@.OLQH HW DO VWXGLHG WKHPLOOLQJGHIRUPDWLRQPRGHOOLQJ RI
UHFWDQJXODU WKLQZDOOHG SODWHV ZLWK WKUHH HGJHV FODPSHG DQG
IL[HG DQG RQH VLGH IUHH ERXQGDU\ FRQGLWLRQ 7KH PRGHO LV
FKDUDFWHUL]HG E\ FRQVLGHULQJ ERWK WKH WRRO DQG ZRUNSLHFH
GHIRUPDWLRQDQGWKHFRXSOLQJHIIHFWEHWZHHQWKHWRRODQGWKH
ZRUNSLHFH LV LJQRUHG EHFDXVH RI WKH ODUJH VWLIIQHVV RI WKH
ZRUNSLHFH FODPSLQJ >@ :X .DL +H 1LQJ HW DO XVHG
QXPHULFDOVLPXODWLRQWHFKQRORJ\WRVWXG\WKHGHIRUPDWLRQODZ
RIWKHZHEDQGWKHVLGHZDOORIWKHIUDPHVWUXFWXUHSDUWVDQG
WKH FRQWURO VFKHPH RI WKH GHIRUPDWLRQ>@ ,Q RUGHU WR UHGXFH
PDFKLQLQJGHIRUPDWLRQDQGLPSURYHWKHPDFKLQLQJSUHFLVLRQ
WKHPHWKRGRIODUJHFXWGHSWKDQGGLVWULEXWLRQULQJFXWWLQJZDV
SURSRVHG -7OXVW\ 66PLWK 0'7VDLOG UHVSHFWLYHO\
SURSRVHGWKHXVHRIWKHRYHUDOOULJLGLW\RIWKHSDUWVWKHZD\WR
RSWLPL]H WKH WRRO SDWK DQG VR RQ >@ 2SWLPL]DWLRQ PHWKRGV
DERYH IRFXV RQ VSHFLILF SDUWV RU XVLQJ D VSHFLDO WHFKQLTXH
PHWKRG $OWKRXJK WKHVH PHWKRGV VROYHG VRPH VSHFLILF
GHIRUPDWLRQ SUREOHPV RI WKLQZDOOHG SDUWV WKH\ FDQQRW EH
VXLWDEOHIRUPRUHRWKHUNLQGVRISDUWV
75,=WKHRU\KDVORQJEHHQXVHGWRRSWLPL]HPDQXIDFWXULQJ
SURFHVV -RRVW 5 'XIORX XVHG 75,= WR RSWLPL]H WKH VLQJOH
SRLQW LQFUHPHQWDO IRUPLQJ SURFHVV WUDQVIRUPHG WKH VSHFLILF
SUREOHPLQWRWKHWHFKQLFDOFRQIOLFWVROXWLRQDQGILQDOO\JRWD
FRUUHVSRQGLQJ LPSURYHPHQW SURFHVV >@ 0 & &DNLU DSSOLHG
75,= SULQFLSOH LQ ')0 DQG SXW IRUZDUG WKH HIIHFWLYH
LPSURYHPHQW SODQ IRU WKH FKLS UHPRYDO LQ WKH SURFHVV>@
$QGUHDV 5RGHUEXUJD XVHG 75,= LQ WKH GHVLJQ RI
PDQXIDFWXULQJ SURFHVV ZKLFKPDGH WKH SURGXFW GHVLJQ WDNH
LQWRDFFRXQWWKHPDQXIDFWXULQJSURFHVVJUHDWO\LPSURYHGWKH
HIILFLHQF\RIWKHZRUN>@6ULQLYDVDQ5DQGRWKHUVDOVRXVHG
WKH75,=SULQFLSOH WRRSWLPL]H WKH LQKHUHQWO\ VDIHU FKHPLFDO
SURFHVVHVSUREOHPDQGVROYHLWVWHFKQLFDOGLIILFXOWLHV>@,WLV
REYLRXVO\WKDW75,=WKHRU\FDQHIIHFWLYHO\KHOSWHFKQLFLDQVWR
VROYH SURFHVV RSWLPL]DWLRQ SUREOHP EXW WKHUH LV QR
DSSOLFDWLRQ LQ WKH ILHOG RI PDFKLQLQJ GHIRUPDWLRQ FRQWURO
SURFHVVRSWLPL]DWLRQRIFRPSOH[WKLQZDOOHGSDUWV
75,= WKHRU\ FDQ EH DSSOLHG WR WKH RSWLPL]DWLRQ RI
PDFKLQLQJ SURFHVV RI FRPSOH[ WKLQZDOOHG SDUWV DQG WKH
VSHFLILF SUREOHPV FDQ EH WUDQVIRUPHG LQWR WKH SURFHVV
SUREOHP WR EH VROYHG ,Q WKHSDVWPRVW DSSOLFDWLRQ RI75,=
FRQFHUQHG DERXW WKH FRQIOLFW PDWUL[ ZLWK WKH SULQFLSOHV RI
LQYHQWLRQRUWKHVXEVWDQFHILHOGPRGHOVZLWKVWDQGDUGVROXWLRQ
VHSDUDWHO\WRVROYHWKHPDQXIDFWXULQJSUREOHP7KHSULQFLSOHV
RI LQYHQWLRQ JLYH WKH GLUHFWLRQV WR VROYH D SUREOHP WKH
VWDQGDUGVROXWLRQVJLYH WKHZD\V WRVROYHDSUREOHP)RU WKH
VDPH SUREOHP GLIIHUHQW PHWKRGV HVWDEOLVK WKHLU UHVSHFWLYH
PRGHOVIURPGLIIHUHQWSRLQWRIYLHZV,QIDFWWKHFRPELQDWLRQ
RIGLIIHUHQW75,=PHWKRGVFDQSURYLGHPRUHDFFXUDWHFRQFHSW
VROXWLRQV >@ ,Q WKLV SDSHUZH FRPELQHG WKH FRQIOLFWPDWUL[
DQG WKH VXEVWDQFHILHOG PRGHOV WR DQDO\]H WKH SUREOHP RI
FRPSOH[ WKLQZDOOHG SDUWV SURFHVVLQJ GHIRUPDWLRQ FRQWURO
DQG FRPELQHG WKH VWDQGDUG VROXWLRQ DQG WKH SULQFLSOH RI
LQYHQWLRQ WR VROYH WKHSUREOHP7KLV V\VWHPDWLFRSWLPL]DWLRQ







WKH SURFHVV RI PDFKLQLQJ GXH WR WKH ORZ VWLIIQHVV ODUJH
PDFKLQLQJDOORZDQFHDQGSRRUPDFKLQDELOLW\WKHSDUWLVHDV\
WRGHIRUPDQG LWVPDFKLQLQJ SUHFLVLRQ LV GLIILFXOW WR FRQWURO

















$FFRUGLQJ WR )LJXUH  SDUW GHIRUPDWLRQ ZLOO UHGXFH WKH
SURFHVVLQJ SUHFLVLRQ DQG VXUIDFH TXDOLW\ ,Q RUGHU WR UHGXFH
WKHGHIRUPDWLRQ WKH FODPSLQJ IRUFH DQG FXWWLQJ IRUFH DFWLQJ
RQWKHZRUNSLHFHPXVWEHUHGXFHG%XWLWZLOOPDNHWKHSDUWV
PRYHLQWKHSURFHVVLQJDQGXQIXOILOODEOHPDFKLQLQJDQGWKHQ
DIIHFW WKH DFFXUDF\ 6R ZH WKLQN WKH FODPSLQJ IRUFHFXWWLQJ
IRUFH DQG PDFKLQLQJ SUHFLVLRQVXUIDFH TXDOLW\ DV D JURXS RI
FRQIOLFW$QG WKH\ DUH DEVWUDFWHG WR WKH FRQIOLFW LQ WKH75,=
FRQIOLFW SDUDPHWHUV ZKLFK DUH IRUFH DQG DFFXUDF\ RI
PDQXIDFWXULQJ7KLVFRQWUDGLFWLRQLVVKRZQLQ7DEOH
6LPLODUO\ WR LPSURYH WKH DFFXUDF\ DQG UHGXFH WKH
GHIRUPDWLRQ LW LV QHFHVVDU\ WR LPSURYH WKH UHVLVWDQFH RI
ZRUNSLHFHWRWKHFODPSLQJIRUFHDQGFXWWLQJIRUFHWRPDNHWKH
GHIRUPDWLRQ RI WKH DELOLW\ 7KDWPHDQV WRPDNH LWV VWLIIQHVV
KLJKHU7KHGLUHFWFDXVHRIWKHORZVWLIIQHVVRIWKHZRUNSLHFH
FRPHVIURPWKHWKLQZDOOHGVWUXFWXUH%XWLIWKHZDOOWKLFNQHVV
LQFUHDVHV LW ZLOO DIIHFW WKH SHUIRUPDQFH DQG VWUXFWXUDO
UHTXLUHPHQWV RI LWV RZQ%LJJHUPDFKLQLQJ DOORZDQFHEULQJV
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PRUH HUURUV ZKLFK FDQ UHGXFH WKH PDFKLQLQJ SUHFLVLRQ 6R
WKH FRQIOLFW FRPHV IURP WKH WKLQZDOOHG VWUXFWXUH DQG WKH
SURFHVVLQJ TXDOLW\ 7KH\ FDQ EH DEVWUDFW LQWR WKH 75,=
FRQIOLFW SDUDPHWHUV ZKLFK DUH VKDSH DQG PDQXIDFWXULQJ
SUHFLVLRQ7KHFRQWUDGLFWLRQLVVKRZQDV7DEOH
7KH YLEUDWLRQ RI WKLQZDOOHG SDUWV LV GXH WR LWV ORZ
VWLIIQHVV DQG WKH ORZVWLIIQHVV LVGXH WR WKH VSHFLDO VWUXFWXUH
RI WKH WKLQ ZDOO ,I ZH ZDQW WR LPSURYH WKH VWLIIQHVV ZH
VKRXOGLQFUHDVHWKHZDOOWKLFNQHVVDQGWKHUHZLOOEHDIXUWKHU
GHWHULRUDWLRQ RI WKH ZRUNSLHFH 7KXV WKH VWLIIQHVV DQG WKH
WKLQZDOOHG VWUXFWXUH KDYH DOVREHFRPHD FRQIOLFWZKLFK DUH















































$FFRUGLQJ WR WKH FRQWUDGLFWLRQ ZH FDQ REWDLQ VRPH
SULQFLSOHV RI LQYHQWLRQ EXW WKH SULQFLSOHV DUH DEVWUDFW RQO\
JLYH WKH GLUHFWLRQV RI SUREOHP VROYLQJ$W WKH VDPH WLPH LI
ZHEXLOGWKHVXEVWDQFHILHOGPRGHOVRIPDFKLQLQJSURFHVVZH
ZLOO JHW WKH VWDQGDUG VROXWLRQV ZKLFK FDQ JLYH WKH VROYLQJ
ZD\V DQG DUHPRUH FRQFUHWH WKDQ WKH SULQFLSOH RI LQYHQWLRQ
6R ZH QHHG WR HVWDEOLVK WKH PRGHO RI WKH VXEVWDQFHILHOG




$FFRUGLQJ WR WKH DERYH SURFHVV FRQIOLFWV WKH VXEVWDQFH
ILHOG PRGHORI WKH FODPSLQJ IRUFH DQG WKH DFFXUDF\ RI
PDQXIDFWXULQJ DUH HVWDEOLVKHG LQ )LJXUH  &ODPSLQJ IRUFH
WKURXJK WKHFODPSDFWVRQ WKHSDUW LQRUGHU WR IL[ LW%XW WKH
SDUWXQGHU WKHFODPSLQJ IRUFHZLOOSURGXFHGHIRUPDWLRQDQG
WKLV GHIRUPDWLRQ ZLOO GLUHFWO\ DIIHFW WKH PDFKLQLQJ DFFXUDF\
RISDUW









FRQIOLFW RI YLEUDWLRQ GHIRUPDWLRQ LV VKRZQ LQ )LJXUH  WKH
YLEUDWLRQ RI WKH PDFKLQH WRRO GULYHV WKH SDUWV¶ YLEUDWLRQ
















RI LQQRYDWLRQ 7KLV QHHGV WR FRPELQH WKH SULQFLSOHV RI WKH




























WKH VWDQGDUG VROXWLRQ DQG WKH SULQFLSOH RI WKH LQYHQWLRQ ZH
FDQ PDNH WKHP FRPELQHG ,Q WKLV SDSHU WKH FDOFXODWLRQ
PHWKRGXVLQJVHPDQWLFVLPLODULW\LVXVHGWRJHW WKHVLPLODULW\
RIDFRPELQDWLRQRIVWDQGDUGVROXWLRQDQGWKHSULQFLSOHRIWKH
LQYHQWLRQ 7KH VSHFLILF FDOFXODWLRQ PHWKRG RI VHPDQWLF
VLPLODULW\LVDVIROORZV
6KRUW7H[W6HJPHQWDWLRQ7KLVSKDVHFRQVLVWVRIWKUHH
VWHSV WKDW LV VHQWHQFH VHJPHQWDWLRQZRUG WRNHQL]DWLRQ DQG
ZRUGQRUPDOL]DWLRQDQGVWHPPLQJ










FRUSXV LV DQ LQVWDQFH RI FRQFHSW F /&6FFWKH ORZHVW
FRPPRQVXEVXPHRIFDQGF
 :RUG 6LPLODULW\ :H FKRRVH WKH PD[LPXP VHQVH
VLPLODULW\RIWKHWZRZRUGVDVWKHLUZRUGVLPLODULW\
 6KRUW 7H[W 6LPLODULW\ 6KRUW WH[W VLPLODULW\ LV FDOFXODWHG
EDVHGRQZRUGVLPLODULW\:HDVVXPHWKDWWZRVHQWHQFHV$
LQFOXGLQJZRUGV VHTXHQFH$$   $Q DQG$ LQFOXGLQJ
$$$PV$L$MUHSUHVHQWVZRUGVLPLODULW\RI$LDQG





7KH VLPLODULW\ RI WKH FRUUHVSRQGLQJ SULQFLSOH RI WKH
LQYHQWLRQ DQG WKH VWDQGDUG VROXWLRQ ZKLFK LV OLVWHG LQ WKH
7DEOH  E\ YDOXH RUGHU LV FDOFXODWHG EDVHG RQ WKH DERYH
DOJRULWKPDVZHOODVWKHVRUWLQJE\WKHFRQFHSWRIVROXWLRQRI






%\ FKDQJLQJ WKH 6 RU 6 WR HOLPLQDWH WKH KDUPIXO HIIHFW
DQG WKH SULQFLSOH RI WKH LQYHQWLRQ  ³UHSODFHPHQW RI
PHFKDQLFDO V\VWHPV´ 7KH WRXVH IDOVH ERVV DQG WKUHDG VHOI
ORFNLQJ FDQ EH UHVSHFWLYHO\ XVHG LQ UHDOL]DWLRQ$W WKH VDPH
WKH FRPELQDWLRQ RI VWDQGDUG VROXWLRQV 1R ³,QFUHDVH
H[WHUQDO DGGLWLYHDX[LOLDU\ VXSSRUW DQG WKH SULQFLSOH RI WKH
LQYHQWLRQ  3ULRU DFWLRQ SULQFLSOH´ FRPSOHWH WKH UROH RI
UHTXLUHPHQWVLQDGYDQFHFDQEHXVHGDX[LOLDU\VXSSRUW
)RU FXWWLQJ GHIRUPDWLRQ WKH VWDQGDUG VROXWLRQV 1R
³,QFUHDVHH[WHUQDODGGLWLYH´DQGWKHSULQFLSOHRIWKHLQYHQWLRQ
 ³SULRU IXQFWLRQ SULQFLSOH´ FRPSOHWH WKH UROH RI
UHTXLUHPHQWVLQDGYDQFHDUHWKHPRVWVLPLODU6RWKHUHFDQEH
FRPELQHGWRLQFUHDVHGHIOHFWLRQFRPSHQVDWLRQGHIRUPDWLRQ>@

































M¦     
7DEOH5HVXOWVRIVHPDQWLFVLPLODULW\FDOFXODWLRQDQGWKHFRQFHSWXDOVROXWLRQ
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DGGLWLYHV´DQG WKHSULQFLSOHRI WKH LQYHQWLRQ³SULRUDFWLRQ






ZLWK FRPSOH[ JHRPHWU\ SRRU RYHUDOO ULJLGLW\ DQG WKH






WKHVKDIWFRUH LVXVHG WR ORFDWH WKHVWUXFWXUHRI WKHSDUW$QG
WKHWRROLVMXVWWKHFKRLFHRIRUGLQDU\PLOOLQJFXWWHUZKLFKKDV
D ODUJHU YLEUDWLRQ EHFDXVH RI WKH VWLIIQHVV SUREOHP )LJXUH 












IROORZLQJ LV PDLQ RSWLPL]DWLRQ IRU WKH LPSHOOHU PDFKLQLQJ
EDVHGRQWKHJHQHUDWHGRSWLPL]HGVROXWLRQ
 7KH FODPSLQJZD\ 7KH ERVV RI WKH RQH HQG RI WKH
LPSHOOHU FDQ EH OHQJWKHQHG WR EH D IDOVH ERVV $IWHU
FRPSOHWLQJ LPSHOOHU PDFKLQLQJ LW ZLOO EH FXW $ VHOIPDGH
WRROLQJ ZLWK VFUHZ WKUHDG LV PDGH WR ILW WKH LPSHOOHU VFUHZ
KROH7KHGLUHFWLRQRIWKHFXWWLQJDQGWKHWKUHDGVDUHWKHVDPH
DQGWKHQDXWRPDWLFORFNLQJLVDFKLHYHG
 7RRO VHOHFWLRQ :KHQ WKH LPSHOOHU DUH URXJK
PDFKLQHG D EDOO HQG PLOOLQJ FXWWHU ZLWK WKH HOLPLQDWLQJ
YLEUDWLRQ HGJH LV VHOHFWHG 7KH FXWWHU KHDG DQG WKH DUF LV
IDYRUDEOH IRU SURFHVVLQJ WKH WUDQVLWLRQ VXUIDFH DQG WKH IORZ
FKDQQHO VXUIDFH RI WKH IRUPHG EODGH URRW (OLPLQDWLQJ










ILQLVK PDFKLQLQJ SKDVH RI EODGH DFFRUGLQJ WR WKH SUHYLRXV
SURFHVVLQJ UHVXOWV WKH DYHUDJH HUURU LV DERXW PP6R D




$IWHU SURFHVVRSWLPL]DWLRQ WKH VXUIDFHTXDOLW\RIPLFUR
LPSHOOHUEODGHLVVKRZQDV)LJXUH$VFDQEHVHHQIURPWKH
ILJXUHWKHVXUIDFHTXDOLW\RILQLWLDOEODGHLQURXJKLVYHU\SRRU
EXW WKH UHODWLRQVKLS EHWZHHQ WKH GHIRUPDWLRQ RI WKH EODGH LV
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IRUFHV JHQHUDWHG LQ WKH SURFHVVZHUH IRXQG WR EH XQUHOLDEOH
0DFKLQLQJYLEUDWLRQLVUHODWLYHO\ODUJHWKXVDIIHFWVWKHTXDOLW\
RI WKH VXUIDFH RI WKH EODGH PDFKLQLQJ $IWHU WKH FODPSLQJ
PRGHLVFKDQJHGWKHFODPSLVQRWGLUHFWO\FRQWDFWHGZLWKWKH
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TXDOLW\RIWKHEODGHLVREYLRXVO\EHWWHU
7KURXJK WKH FRPSDULVRQ ZH FDQ VHH WKDW WKH LQFUHDVHG





,Q WKLV SDSHU WKH PDFKLQLQJ SURFHVV RI FRPSOH[ WKLQ
ZDOOHGSDUWV LV DQDO\VHGZLWK WKH URRWFDXVHDQDO\VLVPHWKRG
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